). DEG/ENaC proteins sory input is thought to provide information about body were first characterized based upon genetic studies in position for moment-to-moment modifications of centhe nematode searching for touch-insensitive mutants tral mechanisms mediating rhythmic motor output [2].
DEG/ENaC proteins sory input is thought to provide information about body
were first characterized based upon genetic studies in position for moment-to-moment modifications of centhe nematode searching for touch-insensitive mutants tral mechanisms mediating rhythmic motor output [2] .
[11] and have subsequently been implicated as central Pickpocket1 (PPK1) is a Drosophila subunit of the epicomponents of a heteromultimeric mechanotransducthelial sodium channel (ENaC) family displaying limited tion channel [11] . DEG/ENaC family members may also expression in multiple dendritic (md) sensory neurons function as peptide neurotransmitter receptors [12, 13] , tiling the larval body wall and a small number of bipolar as salt taste sensors [14] , or pH sensors [15] with a neurons in the upper brain [3] . ppk1 null mutant larvae possible role in synaptic plasticity [16] . Therefore, the had normal external touch sensation and md neuron role of PPK1 protein in Drosophila neurons cannot necmorphology but displayed striking alterations in crawlessarily be predicted based upon protein structure ing behavior. Loss of PPK1 function caused an inalone. crease in crawling speed and an unusual straight path
In a pattern identical to the endogenous ppk1 gene, with decreased stops and turns relative to wild-type. a ppk1.9-GAL4 transgene was expressed in a single md This enhanced locomotion resulted from sustained neuron within each of the d, vЈ, and v PNS clusters peristaltic contraction wave cycling at higher fre-( Figures 1C and 1G-1I ) as well as in four bipolar neurons quency with a significant decrease in pause period in each of the upper brain lobes ( Figure 1F ). ppk1 is between contraction cycles. The mutant phenotype expressed in the class IV md neurons ddaC, v'ada, and was rescued by a wild-type PPK1 transgene and duplivdaB ( Figure 1) [10, 17], displaying a characteristically cated by expressing a ppk1RNAi transgene or a domiuniform extension of processes to tile the internal surnant-negative PPK1 isoform. These results demonface of the epithelium between segmental boundaries strate that the PPK1 channel plays an essential role ( Figures 1C and 1D ) [10] . Extensive dendritic branches in controlling rhythmic locomotion and provide a powapproach but do not cross the anterior and posterior erful genetic model system for further analysis of censegmental boundaries ( Figure 1D ) and appear to never tral and peripheral control mechanisms and their role overlap. Note that each PNS neuronal cluster contains in movement disorders. adults with no morphological or behavioral abnormaliing a TRP-like channel protein [9] . This phenotype is manifested as a putative pain response displayed as ties easily detected during routine culture.
No defects in md neuron morphology were detected larval twisting and rolling when a hot (Ͼ38ЊC) probe is placed nearby [9] . ppk1 mutant larvae were indistinin ppk1 mutant larvae carrying ppk1.9GAL4 and UASDsRed (data not shown), suggesting that PPK1 is not guishable from wild-type in their ability to respond to a hot probe (data not shown), suggesting that ppk1 does required for basic developmental steps. ppk1 mutant larvae were also indistinguishable from wild-type when not participate in the same signal transduction pathway defined by the painless mutation. tested using previously published paradigms for external touch with an eyelash or single hair [19] and for ppk1 mutants were examined for larval locomotion by testing for differences in larval wandering behavior. pairs were selected to span intron 2 so that genomic ppk1 and the transposon could be distinguished based upon PCR product Experimental Procedures fragment size. Representative larvae from behavioral assays were allowed to grow to adults and then used to prepare single-fly genoDrosophila Genetics and P Element-Mediated Germline mic DNA preparations for use as PCR template. Single-fly genomic Transformation DNA samples were prepared using previously published protoFlies were raised on standard cornmeal-yeast-agar medium. All cols [35] . stocks and balancer chromosomes not specifically described in the text are as included on FlyBase at http://flybase.bio.indiana.edu. All genetic crosses were performed at 25ЊC. Germline transformants Immunohistology and Imaging were generated as previously described [33] using w[1118] as injecThird instar larval body wall preparations were fixed with 4% paration stock.
formaldehyde/1ϫ PBS for 20-40 min, rinsed 4 ϫ 15 min in 1ϫ PBS/ 0.4% Triton X-100 (PT), then blocked for 1 hr in 1ϫ PBS/1% BSA/ 0.4% Triton X-100 (PBT). Fixed body walls were incubated overnight Molecular Biology The ppk1.9GAL4 transgene was constructed in the pPTGAL vector at 4ЊC with primary antibody in PBT. Tissue was then rinsed 4 ϫ 15 min in PT followed by blocking for 1 hr in PBT ϩ 5% normal serum [34] using ppk1 5Ј flanking DNA sequence produced by PCR amplification of ppk1 genomic DNA using a 3Ј primer corresponding to (PBTN). Tissue was then incubated with preabsorbed secondary antibody in PBTN for 2-4 hr at RT. After rinsing 4 ϫ 15 min in PBT, the predicted ppk1 translation start site and a 5Ј primer located approximately 1.9 kb upstream. The ppk1RNAi transgene was con-2 ϫ 10 min in PT, and 10 min in 1ϫ PBS, samples were mounted in either Vectashield or 1ϫ PBS/70% glycerol. Primary antibodies structed in pCaSpeR-4 using a PCR fragment generated from a ppk1 genomic DNA template. The 5Ј primer was located at Ϫ288
were used at the following titers: rabbit anti-GFP (Molecular Probes Inc., Eugene, OR, 1:200), mAb22C10 (Developmental Studies Hybp and the 3Ј primer at ϩ817 bp corresponding to the first amino
